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Abstract: We present the first fossil record of the sawshark genus Pliotrema from the south-eastern
Pacific Ocean. The examined material was obtained from a little-known fossil locality named “Arenas
de Caldera” in the Atacama region of Chile. The fossiliferous deposits belong to the Bahía Inglesa
Formation, which is most likely middle Miocene–early Pliocene in age. There are no extant species of
this sawfish in the eastern Pacific, probably due to the onset of cooling conditions during the Neogene.
The type of environment for the elasmobranchs reported in this study is interpreted as demersal, based
on the bathymetric affinities of extant species. Our results show that future studies are needed to better
understand the evolutionary history and past distributions of this sawshark genus and their implications
on current biogeographic patterns.
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Abstract. We present the first fossil record of the sawshark genus Pliotrema from the 41 
south-eastern Pacific Ocean. The examined material was obtained from a little-known 42 
fossil locality named "Arenas de Caldera" in the Atacama region of Chile. The 43 
fossiliferous deposits belong to the Bahía Inglesa Formation, which is most likely of 44 
middle Miocene-early Pliocene age. There are no extant species of this sawfish in the 45 
eastern Pacific, probably due to the onset of cooling conditions during the Neogene. The 46 
type of environment for the elasmobranchs reported in this study is interpreted as 47 
demersal, based on the bathymetric affinities of extant species. Our results show that 48 
future studies are needed to better understand the evolutionary history and past 49 
distributions of this sawshark genus and their implications on current biogeographic 50 
patterns.  51 











Resumen. PRIMER REGISTRO FÓSIL DEL TIBURON SIERRA PLIOTREMA 62 
(PRISTIOPHORIDAE) PARA EL NEÓGENO DEL PACÍFICO SUDESTE (CHILE). 63 
Nosotros presentamos el primer registro fósil del tiburón sierra del género Pliotrema 64 
para el Pacifico sudeste. El material examinado fue obtenido de una localidad poco 65 
conocida llamada “Arenas de Caldera” en la región de Atacama en Chile. Los depósitos 66 
fosilíferos forman parte de la Formación Bahía Inglesa, la cual posee una edad probable 67 
de Mioceno medio a Plioceno temprano. No existen especies actuales de este tiburón 68 
sierra el Pacifico este, probablemente debido al establecimiento de las condiciones frías 69 
del Neógeno. El tipo de ambiente para los elasmobranquios reportados en este estudio 70 
es interpretado como demersal, basado en las afinidades batimétricas de las especies 71 
actuales. Nuestros resultados muestran que estudios futuros son necesarios para 72 
entender la historia evolutiva y distribución en el pasado de este tiburón sierra y las 73 
implicancias en sus patrones biogeográficos actuales. 74 








SEVERAL CHONDRICHTHYAN TAXA have been reported from Neogene geological units 82 
along the Chilean coast up to now (e.g., Suárez & Marquardt, 2003; Carrillo-Briceño et 83 
al., 2013; Staig et al., 2015; Villafaña & Rivadeneira, 2014, 2018; Partarrieu et al., 84 
2018). Along the eastern Pacific coast of Chile, the Bahía Inglesa Formation (Fm.) is 85 
one of the well-known Neogene units where chondrichthyan and bony fish remains are 86 
abundant, with fossiliferous localities ranging from the middle Miocene to the Pliocene 87 
(Walsh, 2001; Villafaña et al., 2019). Despite the large number of chondrichthyan 88 
remains recovered from the Bahía Inglesa Fm., as well as from other Neogene units of 89 
Chile throughout the 20th century, remains of the sawshark genus Pliotrema Regan, 90 
1906 have not yet been reported. Villafaña and Rivadeneira (2014) were the first to 91 
mention the presence of Pliotrema fossils from the south-eastern Pacific (from the 92 
Atacama Region), but without providing figures or descriptions regarding these 93 
remains. The worldwide fossil record of Pliotrema is also scarce (Cappetta, 2012), and 94 
includes a few reports from the late Paleocene of California (Welton, 1974; not 95 
illustrated) and middle Miocene of South Africa (Case, 1973). Here, for the first time, 96 
we illustrate, describe and discuss the geological, paleobiogeographic and 97 
paleoecological implications of the presence of a fossil specimen of Pliotrema. The 98 
occurrence of Pliotrema in the Neogene of Chile fills an exceptional gap in the 99 
distributional and evolutionary history of this sawshark genus. 100 
Institutional abbreviation. MPC, Museo Paleontológico de Caldera, Caldera, Chile. 101 
Anatomical abbreviations. Bh, barbed hook; Cap, enameloid part of a rostral spine; 102 
LSce, less serrated cutting edge; Pdl, peduncle. 103 
GEOLOGICAL SETTINGS 104 
The Bahía Inglesa Formation (middle Miocene–lower Pleistocene) outcropping along 105 
the coastline of the Atacama region in Chile is characterized by a stratigraphic section 106 
6 
that correlates different units from the upper to lower coast, with oscillations in sea level 107 
combined with tectonics movements (Le Roux et al., 2016). Lithologically, it is 108 
represented by a domain of coquinoid sandstones, marls and mudstones. The mudstones 109 
include phosphorites, diatomites and volcanic ash layers (Rojo, 1985; Godoy et al., 110 
2003). The fossiliferous locality “Arenas de Caldera”, from where the fossil described 111 
here comes (MPC-217), is exposed in the community of Caldera, which forms part of 112 
an extensive emerged coastal platform. It extends 20 km in a NE-SW direction and 113 
contains at least six relicts of coastal terraces that are distributed from sea level to 230 114 
m.a.s.l (Guicharrousse et al., 2018). 115 
The Arenas de Caldera locality (Fig. 1; 27°4’37.62’’S; 70°48’57.84’’E) was 116 
mentioned in previous studies as being part of the Bahía Inglesa Fm. (Walsh & Suárez, 117 
2005). This fossiliferous locality is mainly characterized by a sandstone sequence, 118 
where three well-defined stratigraphic horizons are distinguished (Fig. 2). Specimen 119 
MPC-217 was found in the second horizon, which is approximately 66 cm thick and 120 
represents a normal gradation that ranges from medium to very coarse sandstones with 121 
cross stratification. 122 
Chronostratigraphy of the Bahía Inglesa Formation  123 
According to Le Roux et al. (2016), the Bahía Inglesa Fm. ranges from the middle 124 
Miocene to Pleistocene. Although the Arenas de Caldera locality has not been 125 
unambiguously dated up to now, the presence of some fossil species can be used to infer 126 
a probable age range. In the eastern Pacific of South America, chondrichthyan taxa are 127 
commonly reported from Miocene to Pliocene sediments (Villafaña & Rivadeneira, 128 
2014, 2018). For example, the extinct species †Cosmopolitodus hastalis is usually 129 
reported from Miocene sediments in Chile and Perú (Ehret et al., 2012; Valenzuela-130 
Toro et al., 2016). Although the species Carcharodon carcharias is used as an indicator 131 
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of Pliocene age (de Muizon & Dvries, 1985), it also was reported as “probable” in late 132 
Miocene localities of Chile (Suárez & Marquardt, 2003; Walsh & Martill, 2006; 133 
Valenzuela-Toro et al., 2013). The only identified marine invertebrate from Arenas de 134 
Caldera locality layer is Crassosstrea sp., which is very abundant in sediments ranging 135 
from 15.3 to 4.2 Ma in the Bahía Inglesa Fm. (Le Roux et al., 2016). Based on the 136 
stratigraphic position and biochron of some vertebrate and invertebrate taxa, this 137 
fossiliferous locality could be tentatively assigned to the middle Miocene to early 138 





MATERIAL AND METHODS 144 
The single specimen MPC-217, which represents a rostral spine, is housed in the Museo 145 
Paleontológico de Caldera (MPC), Chile. The information about the current global 146 
distribution of Pliotrema species was obtained from Weigmann et al. (2020). Spine 147 
terminology follows Cappetta (2012), and the systematics for fossil and recent taxa are 148 
consistent with Weigmann et al. (2020) and Cappetta (2012).  149 
According to Smith et al. (2015), the saw-teeth of sawfishes and sawsharks are 150 
not homologous to oral teeth, because they do not have the same origin (i.e., derived 151 
from dermal denticles). These modified dermal denticles are recently named as rostral 152 
spines in the description of a new species of sawshark (†Pristiophorus laevis) from the 153 
Eocene of Antarctica (Engelbrecht et al., 2017). We followed these recent studies and 154 
named our specimen MPC-217 as a rostral spine instead of rostral teeth.  155 
 156 
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  157 
SYSTEMATIC PALEONTOLOGY 158 
Class CHONDRICHTHYES Huxley, 1880 159 
Subclass ELASMOBRANCHII Bonaparte, 1838 160 
Infraclass NEOSELACHII Compagno, 1977 161 
Order PRISTIOPHORIFORMES Berg, 1958 162 
Family PRISTIOPHORIDAE Bleeker, 1859 163 
Genus Pliotrema Regan, 1906 164 
Type species. Pliotrema warreni Regan 1906. Recent. 165 
Pliotrema sp. 166 
Figure 3. 1–3.6 167 
Material. One rostral spine (MPC-217). 168 
Geographic distribution. Arenas de Caldera locality. 169 
Stratigraphic distribution. Middle Miocene–early Pliocene of Bahía Inglesa Fm. 170 
Description. The rostral spine (MPC-217) is long, slender, and dorso-ventrally 171 
flattened, reaching 42 mm in length and 16 mm in width (Fig. 3.1–3.4). The crown 172 
(including the neck separating the crown from the peduncle) is slightly more than 4 173 
times larger than the peduncle. The posterior cutting edge is weakly serrated with the 174 
serrations restricted to the upper portion of the enameloid cap, but not reaching the apex 175 
(Fig. 3.1–3.3). The anterior cutting edge is smooth and continuous and without any 176 
serrations (Fig. 3.4). The anterior and posterior cutting edges are slightly tapered 177 
laterally. The apex is acute and slightly bent towards the rear. The basal peduncle is 178 
slender but broader than the crown jutting slightly out all around the crown in apical 179 
view. It is subrectangularly shaped in its upper portion but with posteriorly elongated 180 
base giving it an asymmetrical outline in dorsal and ventral views (Fig. 3.1–3.2). An 181 
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elliptically and deeply elongated foramen opens in the basal, concave face of the 182 
peduncle (Fig. 3.5). 183 
Remarks. Rostral spines of pristiophoriforms are readily distinguishable from those of 184 
pristiform sawfishes in the development of a distinct peduncle, which is necessary to 185 
anchor the spine to the lateral rostrum wall, whereas they are inserted deeply into 186 
sockets in sawfishes lacking this peduncle (Wueringer et al., 2009) The only other 187 
known elasmobranch clade possessing rostral spines are extinct sclerorhnchoid 188 
sawfishes, which, however, went extinct during the K/Pg boundary event (Kriwet & 189 
Benton, 2004). 190 
Pristiophoriform sawsharks include a single family, Pristiophoridae, to which 191 
two extant genera (Pliotrema and Pristiophorus) and one extinct genus (†Ikamanius) 192 
are assigned (Cappetta, 2012; Froese & Pauly, 2019). Although the extant and extinct 193 
members of the family Pristiophoridae (†Ikamauius, Pliotrema and Pristiophorus) 194 
display similar morphologies in their rostral spines (i.e., long and slender enameloid cap 195 
with a basal peduncle), they can be easily distinguished (Cappetta, 2012; Weigmann et 196 
al., 2014). The rostral spines of extant Pristiophorus completely lack any serration 197 
along the anterior or posterior cutting edge (Ebert & Cailliet, 2011; Ebert & Wilms, 198 
2013; Engelbrecht et al., 2017; Villafaña et al., 2019), whereas in †Ikamauius, the 199 
anterior and posterior cutting edges are strongly serrated (Keyes, 1979; Cappetta, 2012). 200 
The presence of posterior serrations on the rostral spine’s cutting edges is a character 201 
present in all known extant Pliotrema species; only varying in their degree and number 202 
of serrations (Weigmann et al., 2020; Fig. 4). Although the specimen MPC-217 from 203 
the Bahía Inglesa Fm. displays the serrations along the posterior cutting edge as in 204 
rostral spines of the genus Pliotrema (i.e., posterior cutting edge), its posterior cutting-205 
edge serrations differ from those known from both fossil specimens (see Case, 1979; 206 
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Cappetta, 2012) and extant species (see Weigmann et al., 2020) (Fig. 4). The 207 
comparison of fossil and extant specimens shows that the general spine morphology 208 
resembles that of Pliotrema, but that the serration of the posterior cutting edge is 209 
distinctly different. Following descriptions by Weigmann et al. (2020), two types of 210 
serrations are distinguished along the posterior cutting edge: type 1 consisting of a less 211 
serrated cutting edge and type 2 characterized by a serration developed into barbed 212 
hooks. Type 1 is similar to the reduced serration displayed by the fossil specimen 213 
reported here (Fig. 4.1), whereas type 2 is present in both fossil (Case, 1973; Cappetta, 214 
2012) and extant specimens (Weigmann et al., 2020) (Fig. 4.2–4.6). It nevertheless is 215 
mandatory that the fossil record of rostral pristiophoriform spines, especially those 216 
assigned to Pliotrema is revised to establish whether this kind of serration also occurs in 217 
other extinct members of this genus. 218 
It is noteworthy that species level identification based on rostral teeth is not 219 
possible due to the high degree of morphological variation exhibited by Pliotrema 220 
species (Herman et al., 1992; Weigmann et al., 2020; Fig. 4) similar to what has been 221 
shown also for Pristiophorus (e.g., Engelbrecht et al., 2017). Consequently, it only is 222 
possible to assign specimen MPC-217 to the genus Pliotrema, but not to any species. 223 
Nevertheless, the single specimen is of utmost importance since it represents the first 224 
record of a fossil rostral spine that can be referred unambiguously to Pliotrema and thus 225 
adds to our knowledge about the diversity of Neogene elasmobranchs from the eastern 226 
Paleo-Pacific.  227 
DISCUSSION AND CONCLUSIONS  228 
Paleoenvironmental conditions 229 
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In the Arenas de Caldera locality, the horizon with the highest abundance of fossil 230 
remains (i.e., H2) (Tab. 1) exhibits a cross-stratification as the main sedimentary 231 
structure. Additionally, the inverse variation of the grain size, starting from medium to 232 
high coarseness, allows us to infer that this change occurred gradually. The sedimentary 233 
composition can be associated with off-shore coastal environments such as those 234 
described for the Bahía Inglesa Fm. at Playa Chorillos locality, as well as the area close 235 
to Los Dedos (Quezada et al., 2007). The horizon “H2” concentrates the greatest variety 236 
of disarticulated and abraded vertebrate remains, with a high abundance of 237 
elasmobranch teeth (Tab. 1), and other vertebrates preliminarily identified as bony 238 
fishes, mammals (cetaceans, pinnipeds and sirenians), sea birds and reptiles 239 
(crocodylians). Invertebrates from the same layer include Crassostrea sp. and abundant 240 
indeterminate bivalves. The elasmobranch taxa identified in this layer have extant 241 
relatives with a maximum depth distribution of around 200 m (e.g., Brachaelurus, 242 
Carcharias) and 400 m (e.g., Myliobatis), respectively (Tab. 1). However, other sharks 243 
inhabiting continental and insular slopes (e.g., Carcharhinus, Odontaspis, 244 
Pristiophorus) occur at depths of up to 1000 m depth (Tab. 1). In the case of Pliotrema, 245 
the three extant species are demersal sharks, but also show different depth preferences, 246 
from shallow to deep waters (Weigmann et al., 2020). Pliotrema annae Weigmann, 247 
Gon, Leeney & Temple, 2020 is associated with shallow waters (20–35m), Pliotrema 248 
kajae Weigmann, Gon, Leeney & Temple, 2020 with upper insular slopes and 249 
submarine ridges (214–320m), whereas Pliotrema warreni Regan, 1906 is a demersal 250 
species inhabiting the continental shelf and upper slope (10–915 m) (Weigmann et al., 251 
2020). Nevertheless, according to Weigmann et al. (2020), the depth preferences of the 252 
two recently described species (P. annae and P. kajae) cannot be reliably inferred due to 253 
them being defined based on low numbers of known specimens. For instance, P. annae 254 
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possibly also occurs in deeper waters during the day but enters shallow water during the 255 
night. Consequently, the mixture of depth distributions of the known elasmobranch taxa 256 
reported from Arenas de Caldera locality and the unclear, but seemingly varied depth 257 
preferences of the genus Pliotrema preclude a more elaborated interpretation. Thus, we 258 
can only infer that the genus Pliotrema most likely inhabited a demersal environment 259 
during the Neogene, based on the vertical distribution of extant representatives 260 
(Weigmann et al., 2020). Although, we represent here the first attempt to describe the 261 
paleoenvironmental conditions of the Arenas de Caldera locality, more information 262 
about its depositional conditions and associated fauna would allow a more accurate 263 
conclusion.  264 
Paleobiogeographic implications 265 
Pliotrema is represented by three extant species: P. warreni, P. kajae, and P. annae, 266 
with distributions in the southwestern Indian and southern Atlantic oceans (Weigmann 267 
et al., 2020) (see Fig. 5). The species P. annae is known from off the coast of Zanzibar, 268 
P. kajae from off the coast of Madagascar and the Mascarene Ridge (Weigmann et al., 269 
2020), while P. warreni is known from the coast of South Africa and the coast of 270 
southern Mozambique (Weigmann et al., 2020).  271 
The oldest record of Pliotrema comes from the Paleocene of North America, 272 
corresponding to isolated rostral spines (Pliotrema sp.) collected in the Lodo Formation, 273 
a unit deposited in an outer sublittoral to upper bathyal environment with temperate 274 
water conditions (Welton, 1974). Although there is no clear evidence, Pliotrema likely 275 
could have migrated from North America to the southern region during the Neogene 276 
(Fig. 5). At this time, the genus could have also migrated from the eastern Pacific 277 
through the Central America Sea Way and proto-Caribbean to the Atlantic Ocean, and 278 
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then into the Western Indian Ocean. This hypothesis could be supported by the presence 279 
of Pliotrema in the late Miocene of South Africa (Case, 1973). Today, extant species of 280 
Pliotrema are absent along both eastern Pacific and western Atlantic coasts of the 281 
Americas (Weigmann et al., 2020). The extirpation of Pliotrema from both regions is 282 
likely correlated with the climatic and oceanographic events that occurred in the last 20 283 
Ma, especially those processes associated with the closure of the Central America Sea 284 
Way (CAS) and the rise of the Panamanian Isthmus (see Carrillo-Briceño et al., 2018), 285 
the opening of the Drake passage (Scher & Martin, 2006), and the onset of cold coastal 286 
upwelling cells of the Humboldt Current system (Dekens et al., 2007). According to 287 
Carrillo-Briceño et al. (2018), sharks were the most affected chondrichthyan group in 288 
Tropical America, with at least 24 genera affected by extirpation/extinction processes. 289 
The extirpation of the sawsharks (Pristiophoridae) from the eastern Pacific at the end of 290 
the Neogene is also intriguing (Carrillo-Briceño et al., 2018). Pristiophorus had a wider 291 
distribution in the eastern Pacific and western Atlantic oceans during Miocene and 292 
Pliocene times (Carrillo-Briceño et al., 2016, appendix 1; 2018, table S3). However, the 293 
only extant species inhabiting the continent (Pristiophorus schroederi) has a reduced 294 
geographical distribution in the Bahamian region (between Cuba, Florida, and the 295 
Bahamas) over continental and insular slopes between 400 and 1000 m (Kiraly, et al., 296 
2003; Nevatte & Williamson, 2020). According to Villafaña and Rivadeneira (2018), 297 
the regional extirpation of chondrichthyan genera from the eastern Pacific of South 298 
America (including Pristiophoridae) was caused by changes in salinity and sea surface 299 
temperature. The limited thermal tolerance to cold-water conditions was suggested as 300 
the main reason for the demise of Neogene sharks along the southeastern Pacific 301 
(Partarrieu et al., 2018). Still, other factors such as habitat loss due to sea level changes 302 
14 
(e.g., Cione et al., 2007) also could have played an important role in structuring the 303 
Neogene elasmobranch associations along the American Pacific coast.  304 
ACKNOWLEDGMENTS 305 
Financial support for this study was provided by a Becas-Chile Scholarship, Advanced 306 
Human Capital Program of the National Commission for Scientific and Technological 307 
Research (CONICYT, Chile) to JAV and FONDECYT-Chile grant # 1200843 to MMR. 308 
We deeply appreciate the comments and help provided by Gerard. R. Case, Thomas 309 
Reinecke, Jürgen Pollerspöck. This article was greatly improved by the comments and 310 
suggestion made by O. Aguilera and one anonymous reviewer. We also are grateful to 311 
Thodoris Argyriou and Ana Mercedes Balcarcel, for suggestions and comments on an 312 
earlier version of the manuscript.  313 
REFERENCES 314 
Berg, L. S. (1958). System der Rezenten und Fossilen Fischartigen und Fische. 315 
Hochschulbücher für Biologie, Berlin, 310 pp.         316 
Bleeker, P. (1859). Enumeratio specierum piscium hucusque in Archipelago indico 317 
observatarum. Acta Societatis scientiarum Indo–Neerlandae, 6, 1–276.     318 
Bonaparte, C. L. (1838). Selachorum tabula analytica, Systema Ichthyologicum. 319 
Memoires de la Societe Neuchateloise des Sciences Naturelles, 2, 1–16.      320 
Cappetta, H. (2012). Handbook of Paleoichthyology, Vol. 3E: Chondrichthyes. Mesozoic 321 
and Cenozoic Elasmobranchii: Teeth. Verlag Dr. Friedrich Pfeil. 322 
15 
Carrillo-Briceño, J. D., Argyriou, T, Zapata, V, Kindlimann, R, Jaramillo, C. A. (2016). 323 
A new Early Miocene (Aquitanian) Elasmobranchii assemblage from the Gaujira 324 
Peninsula, Colombia. Ameghiniana, 53(2),77–99. 325 
Carrillo-Briceño, J. D., Carrillo, J. D., Aguilera, O. A., & Sánchez-Villagra, M. R. 326 
(2018). Shark and ray diversity in the Tropical America (Neotropics)—an 327 
examination of environmental and historical factors affecting diversity. PeerJ, 6, 328 
e5313. 329 
Carrillo-Briceño, J. D, González-Barba G., Landaeta M. F., & Nielsen SN. (2013). 330 
Condrictios fósiles del Plioceno Superior de la Formación Horcón, Región de 331 
Valparaíso, Chile central. Revista Chilena de Historia Natural, 86(2), 191–206. 332 
Case, G. R. (1973). Fossil sharks: a pictorial review. Pioneer Litho Company. 333 
Case, G. R. (1979). Collecting fossil shark's teeth at Big Brook, Monmouth County, 334 
New Jersey. Bulletin of the Bergen County Mineral and Paleontological Society, 335 
13(5), 12–14. 336 
Cione, A.L., Mennucci, J., Santalucita, F., & Acosta Hospitaleche, C. (2007). Local 337 
extinction of sharks of genus Carcharias Rafinesque, 1810 (Elasmobranchii, 338 
Odontaspididae) in the eastern Pacific Ocean. Revista Geológica de Chile, 34(1), 339 
139–145. 340 
Compagno, L. J. V. (1977). Phyletic relationships of living sharks and rays. American 341 
Zoologist, 17(2), 303–322. 342 
16 
de Muizon, C., & Devries, T. J. (1985). Geology and paleontology of late Cenozoic 343 
marine deposits in the Sacaco area (Peru). Geologische Rundschau, 74(3), 547–344 
563. 345 
Dekens, P.S., Ravelo, A.C., & McCarthy, M. D. (2007). Warm upwelling regions in the 346 
Pliocene warm period. Paleoceanography, 22, PA3211 347 
Ebert, D. A., & Cailliet, G.M. (2011). Pristiophorus nancyae, a new species of 348 
Sawshark (Chondrichthyes: Pristiophoridae) from Southern Africa. Bulletin of 349 
Marine Science, 87(3), 501–512. 350 
Ebert, D. A., & Wilms, H. A. (2013). Pristiophorus lanae sp. nov., a new sawshark 351 
species from the Western North Pacific, with comments on the genus 352 
Pristiophorus Müller & Henle, 1837 (Chondrichthyes: Pristiophoridae). Zootaxa, 353 
3752, 86–100. 354 
Ehret, D. J., Macfadden, B. J., Jones, D. S., Devries, T. J., Foster, D. A., & Salas-355 
Gismondi, R. (2012). Origin of the white shark Carcharodon (Lamniformes: 356 
Lamnidae) based on recalibration of the Upper Neogene Pisco Formation of Peru. 357 
Palaeontology, 55, 1139–1153. 358 
Engelbrecht, A., Mörs, T., Reguero, M. A., & Kriwet, J. (2017). A new sawshark, 359 
Pristiophorus laevis, from the Eocene of Antarctica with comments on 360 
Pristiophorus lanceolatus. Historical Biology, 29(6), 841–853. 361 
Froese, R. & Pauly, D. (2019). Fish Stocks. Encyclopedia of Life Science. Elsevier. 362 
17 
Godoy, E., Marquardt, C., &, Blanco, N. (2003). Carta Caldera, Región Atacama. 363 
Carta geológica de Chile, Serie Geología Básica, escala 1:100.000. Servicio 364 
Nacional de Geología y Minería, Chile.  365 
Guicharrousse, M., Pérez, J. R., & Oyanadel-Urbina, P. (2018). Estudio y 366 
contextualización estratigráfica de los fósiles de las Arenas de Caldera, Fm. Bahía 367 
inglesa, Región de Atacama, Chile: Parte I Estratigrafía. Actas de 1 º Congreso de 368 
Paleontologico de Chile (pp. 101–103). Punta Arenas. 369 
Herman, J., Hovestadt-Euler, M., & Hovestadt, D. C. (1992). Contributions to the study 370 
of the comparative morphology of teeth and other relevant ichthyodorulites in 371 
living superspecific taxa of Chondrichthyan fishes. Part A: Selachii. No. 4: Order: 372 
Orectolobiformes Families: Brachaeluridae, Giglymostomatidae, Hemiscylliidae, 373 
Orectolobidae, Parascylliidae, Rhiniodontidae, Stegostomatidae. Order: 374 
Pristiophoriformes - Family: Pristiophoridae Order: Squatiniformes - Family: 375 
Squatinidae. Bulletin de l'Institut Royal des Sciences Naturelles de Belgique, 376 
Biologie, 62, 193–254. 377 
Huxley, T. H. (1880). On the application of the laws of evolution to the arrangement of 378 
the Vertebrata, and more particularly of the Mammalia. Proceedings of the 379 
Zoological Society of London, 1880, 649–662. 380 
Keyes, I. W. (1979). Ikamauius, a new genus of fossil sawshark (Order Selachii: Family 381 
Pristiophoridae) from the Cenozoic of New Zealand. New Zealand Journal of 382 
Geology and Geophysics, 22(1), 125–129. 383 
Kiraly SJ, Moore JA, Jasinski PH. 2003. Deepwater and other sharks of the US Atlantic 384 
ocean exclusive economic zone. Marine Fisheries Review, 65,1–20. 385 
18 
Kriwet, J., & Benton, M. J. (2004). Neoselachian (chondrichthyes, elasmobranchii) 386 
diversity across the cretaceous–tertiary boundary. Palaeogeography, 387 
Palaeoclimatology, Palaeoecology, 214(3), 181–194. 388 
Le Roux, J. P., Achurra, L., Henríquez, Á., Carreño, C., Rivera, H., Suárez, M. E., & 389 
Gutstein, C. S. (2016). Oroclinal bending of the Juan Fernández Ridge suggested 390 
by geohistory analysis of the Bahía Inglesa Formation, north-central Chile. 391 
Sedimentary Geology, 333, 32–49. 392 
Nevatte, R. J., & Williamson, J. E. (2020). The sawshark redemption: current 393 
knowledge and future directions for sawsharks (Pristiophoridae). Fish and 394 
Fisheries, 21(6), 1213–1237. 395 
Partarrieu, D., VillafañA, J. A., Pinto, L., Mourgues, F. A., Oyanadel-Urbina, P. A., 396 
Rivadeneira, M. M., & Carrillo-BriceñO, J. D. (2018). Neogene ‘horn sharks’ 397 
Heterodontus (Chondrichthyes: Elasmobranchii) from the Southeastern Pacific 398 
and their paleoenvironmental significance. Ameghiniana, 55(6), 651–667. 399 
Quezada, J., Gonzalez, G., Dunai, T., Jensen, A., & Juez-Larre, J. (2007). Alzamiento 400 
litoral Pleistoceno del norte de Chile: edades 21Ne de la terraza costera más alta 401 
del área de Caldera-Bahía Inglesa. Andean Geology, 34(1), 81–96. 402 
Regan, C. T. (1906). A classification of the selachian fishes. Proceedings of the 403 
Zoological Society of London, 722–758. 404 
Rojo, M. (1985). Un aporte al conocimiento del Terciario marino: Formación Bahía 405 
Inglesa. Actas de IV Congreso Geológico Chileno (pp. 514–532). Antofagasta. 406 
19 
Scher, H. D., & Martin, E. E. (2006). Timing and climatic consequences of the opening 407 
of Drake Passage. Science, 312(5772), 428–430. 408 
Smith, M. M., Riley, A., Fraser, G. J., Underwood, C., Welten, M., Kriwet, J., Pfaff, C., 409 
& Johanson, Z. (2015). Early development of rostrum saw-teeth in a fossil ray 410 
tests classical theories of the evolution of vertebrate dentitions. Proceedings of the 411 
Royal Society B: Biological Sciences, 282(1816), 20151628. 412 
Staig, F., Hernández, S., López, P., Villafaña, J. A., Varas, C., Soto, L. P., & Carrillo 413 
Briceño, J. D. (2015). Late Neogene elasmobranch fauna from the Coquimbo 414 
formation, Chile. Revista Brasileira de Paleontologia, 18(2), 261–272. 415 
Suárez, M. E., & Marquardt, C. (2003). Revisión preliminar de las faunas de peces 416 
Elasmobranquios del Mesozoico y Cenozoico de Chile: su valor como indicadores 417 
cronoestratigráficos. Actas de 10° Congreso Geológico Chileno (pp.1–9). 418 
Concepción. 419 
Valenzuela-Toro, A. M., Gutstein, C. S., Varas-Malca, R. M., Suárez, M. E., & 420 
Pyenson, N. D. (2013). Pinniped turnover in the south Pacific Ocean: new 421 
evidence from the Plio-Pleistocene of the Atacama Desert, Chile. Journal of 422 
Vertebrate Paleontology, 33(1), 1–8. 423 
20 
Valenzuela‐Toro, A. M., Pyenson N. D., Gutstein C. S., & Suárez M. E. (2016). A new 424 
dwarf seal from the late Neogene of South America and the evolution of 425 
pinnipeds in the southern hemisphere. Palaeontology, 2(1), 101–115. 426 
Villafaña J.A., Marramà G., Hernandez S., Carrillo-Briceño J. D., & Hovestadt, D. 427 
(2019). The Neogene fossil record of Aetomylaeus (Elasmobranchii, 428 
Myliobatidae) from the southeastern Pacific. Journal of Vertebrate Paleontology, 429 
39(1), e1577251. 430 
Villafaña, J. A., & Rivadeneira, M. M. (2014). Rise and fall in diversity of Neogene 431 
marine vertebrates on the temperate Pacific coast of South America. 432 
Paleobiology, 40(4), 659–674. 433 
Villafaña, J. A., & Rivadeneira, M. M. (2018). The modulating role of traits on the 434 
biogeographic dynamics of chondrichthyans from the Neogene to the present. 435 
Paleobiology, 44(2), 251–262. 436 
Walsh, S. A. (2001). The Bahía Inglesa Formation Bonebed: genesis and palaeontology 437 
of a Neogene Konzentrat Lagerstätte from north–central Chile (PhD thesis, 438 
University of Portsmouth). 439 
Walsh, S. A., & Martill, D. M. (2006). A possible earthquake-triggered mega-boulder 440 
slide in a Chilean Mio-Pliocene marine sequence: evidence for rapid uplift and 441 
bonebed genesis. Journal of the Geological Society, 163(4), 697–705. 442 
21 
Walsh, S. A., & Suárez, M. E. (2005). First post − Mesozoic record of Crocodyliformes 443 
from Chile. Acta Palaeontologica Polonica, 50(3), 595–600. 444 
Weigmann, S. (2016). Annotated checklist of the living sharks, batoids and chimaeras 445 
(Chondrichthyes) of the world, with a focus on biogeographical diversity. Journal 446 
of Fish Biology, 88(3), 837–1037. 447 
Weigmann, S., Stehmann, M. F.W., & Thiel, R. (2014). Contribution to the taxonomy 448 
and distribution of Pristiophorus nancyae (Elasmobranchii: Pristiophoriformes) 449 
from the deep western Indian Ocean. Marine Biodiversity, 44(2), 189–202. 450 
Weigmann, S., Gon, O., Leeney, R. H., Barrowclift, E., Berggren, P., Jiddawi, N., & 451 
Temple, A. J. (2020). Revision of the sixgill sawsharks, genus Pliotrema 452 
(Chondrichthyes, Pristiophoriformes), with descriptions of two new species and a 453 
redescription of P. warreni Regan. PLoS ONE, 15(3), e0228791. 454 
Welton, B. J. (1974). Preliminary note on the Paleocene elasmobranchs of the Lodo 455 
Formation, Fresno County, California. In Payne, M. B. (ed.). The Paleogene of the 456 
Panoche Creek-Cantua Creek Area, central California (pp. 91–91). SEPM. 457 
Wueringer, B. E., Squire, L., & Collin, S. P. (2009). The biology of extinct and extant 458 
sawfish (Batoidea: Sclerorhynchidae and Pristidae). Reviews in Fish Biology and 459 







FIGURE AND TABLE CAPTIONS 466 
 467 
Figure 1. Location map of the Arenas de Caldera locality.  468 
Figure 2. Stratigraphic section of the Arenas de Caldera locality. 469 
Figure 3. Rostral spine of Pliotrema sp. (MPC-127) from Arenas de Caldera locality. 470 
Views: 1, ventral; 2, dorsal; 3, posterior; 4, anterior; 5, basal; and 6, occlusal. Scale bar 471 
equals 1 cm. 472 
Figure 4. Line drawings of fossil and extant Pliotrema rostral teeth in dorsal views. 1, 473 
this study (MPC-127); 2, Pliotrema sp. from Miocene of South Africa (Cappetta, 2012); 474 
3, Pliotrema sp. from late Miocene of South Africa (Case, 1973); 4, extant Pliotrema 475 
annae from Papa Unguja, Tanzania (Weigman et al., 2020); 5, extant Pliotrema warreni 476 
from Eastern Cape, South Africa (Weigman et al., 2020); 6, extant Pliotrema kajae 477 
from southwestern Madagascar (Weigman et al., 2020). The specimens 2 and 3 were 478 
originally illustrated without scale. Bh, barbed hook; Cap, enameloid part of a rostral 479 
spine; LSce, less serrated cutting edge; Pdl, peduncle. Scale bar equals 5 mm.  480 
Figure 5. Map showing the geographic distribution of extant and fossil Pliotrema. 481 
Fossil distribution based on Case (1973), Welton (1974) and Cappetta (2012). Extant 482 
distribution based on Weigmann et al. (2020). 483 
23 
Table 1. Type of environment and depth distribution of the elasmobranch taxa reported 484 
from Arenas de Caldera locality. Information taken from Fishbase (Froese & Pauly, 485 






Table 1. Type of environment and depth distribution of the elasmobranch taxa reported from Arenas de Caldera 
locality. Information taken from Fishbase (Froese & Pauly, 2019), Nevatte and Williamson (2020) and Weigmann 
et al. (2020) 
Order Family Fossil taxa Environment min depth (m) max depth (m) 
Orectolobiformes Brachaeluridae Brachaelurus sp. D-Ra 4 217 
Carcharhiniformes Carcharhinidae Carcharhinus sp. D-Pn-Ra 0 1082 
Lamniformes Carcharhinidae Carcharias sp. D-Ra 1 232 
Lamniformes Lamnidae Carcharodon carcharias Po 0 1200 
Pristiophoriformes Pristiophoridae Pliotrema sp. D 10 430 
Lamniformes Lamnidae †Cosmopolitodus hastalis - - - 
Lamniformes Lamnidae Isurus sp. Po 0 1752 
Myliobatiformes Myliobatidae Myliobatis sp. Bp-D-Ra 0 422 
Hexanchiformes Hexanchidae Notorynchus sp. B 0 570 
Lamniformes Odontaspididae Odontaspis sp. Bp-Po 10 1015 
Pristiophoriformes Pristiophoridae Pristiophorus sp. D-Po-Pn 0 1240 
Bp, benthopelagic; D, demersal; Ra, reef-associated; Pn, pelagic-neritic; Po, pelagic-oceanic.   
 
